Background: Due to the adverse effects of artificial preservatives on food and its harmful effects on human health, researchers have been considering replacing these materials with natural substances. In this study, the effect of pomegranate peel extract (PPE) on the stability and antifungal activity of the walnut kernel was studied. Methods: The pomegranate peel was extracted by the solvent and water-solvent method. The extracted sap was evaluated using the antioxidant assay by 2,2-diphenylpicrylhydrazyl (DPPH) assay. The results showed that the extracted sap had 40.11 mg/g dry phenol and 47.27% free radicals scavenging. Four concentrations (0%, 2%, 6%, and 10%) of pomegranate liquid extract were prepared and studied for 90 days for the walnut kernel coating. Walnut kernels were coated on days 1, 15, 30, 60, and 90, and examined for moisture, acidity, peroxide, conjugated diene, and anisidine tests. Data were analyzed using SPSS version 21. Results: By increasing the extract concentration from 2 to 10%, the stability of the walnut kernel during storage was increased. Acidity in the samples with 10% PPE coating, decreased from 0.18 to 0.11 on the first day until the 15th day, and increased to 0.48 from day 15 to 90. The results showed that the moisture content and acidity increased with increasing the extract concentration. By increasing the extract concentration up to 10%, the sustainability indices, including peroxide, anisidine, and conjugated diene were significantly decreased. At 90 days, by increasing the concentration of pomegranate extract from 2% to 10%, the count of molds and yeasts was reduced from 3.59 to 2.29 CFU/g. The count of molds and yeasts in the uncoated samples was 5.81 CFU/g.
Introduction
Food safety refers to the conditions and practices that are considered during the production, processing, storage, and distribution of food to ensure that food is safe for consumption. Consumption of contaminated food can result in bloody diarrhea and vomiting, abdominal cramping, fever, headache, etc (1, 2) . Walnut is a product that is highly perishable under natural storage conditions (3) . High levels of fat (65%) and unsaturated fatty acids in the walnut make them susceptible to severe oxidative rancidity. Oxidation reactions occur in the presence of internal factors such as the natural oxidizing enzymes present in the walnut (e.g., lipoxygenase). Enzyme activation is a long process. However, the availability of conditions can exacerbate it. In fact, the walnut's oxidation capacity is influenced by factors such as oxygen concentration, temperature, relative humidity, light, antioxidants, and processing methods (4, 5) . The harmful effects of fat oxidation in foods are delayed using antioxidants and natural preservatives. Additionally, fat oxidation effectively reduces oxygen permeation by choosing edible films and coating (6) . The use of edible films helps maintain product quality, improves product safety, and increases the shelf life of all types of ready-toeat food (7) . The use of edible films and coatings has been proposed as a carrier of antioxidant and antimicrobial agents for food packaging (8) . The use of films and coatings due to the properties such as inhibition of moisture evaporation, oxygen permeation, preservation of taste, smell and color for food, increases the quality and shelf life of them. Sodium alginate is an emulsifier, stabilizer, and condenser. This film is completely watersoluble, glossy that preserves the aroma, taste, and color, increases the nutritional value of the product, such as vitamins and essential amino acids, prevents the activity of enzymes, and reduces the amount of waste. The high ability of alginates to form films makes it possible to use it as an appropriate food cover. Obviously, the presence of antibacterial and antioxidant compounds increasing its storage properties. Pomegranate peel is a waste material and one of the products of the juice production plants. Pomegranate peel is known as a rich source of polyphenols (9) . Coatings are films that are used directly on the surface of the foodstuff. Therefore, coatings are considered as a part of the final product (8) . Phenolic compounds present in pomegranate skin exhibit high antibacterial properties (10) . There are reports of phenolic compounds, especially punicalagin obtained from pomegranate skin, which shows its antimicrobial properties against Candida albicans (11) . Antifungal property of pomegranate peel extract (PPE) has been reported according to the type of tested microorganisms. In China, even in some cases, PPE is used to produce fungicides (12) . The inhibitory effects of pomegranate peel on microorganisms have been proven in some studies (13) (14) (15) . However, its antifungal effect on the walnut has not been investigated. Recently, antioxidants and natural preservatives in the food industry have become more favored than synthetic antioxidants. In the meantime, pomegranate and its derivatives have been shown to delay the process of fat oxidation in vitro and in vivo experiments (16) (17) (18) . Reports have shown that pomegranate skin is a rich source of tannin, phenols, and flavonoids that have significant antioxidant activity (19) (20) (21) . Yazdanpanah et al investigated the thermal stability of antioxidant extracts of pomegranate skin on sunflower oil. In this research, anti-oxidant compounds of pomegranate skin were extracted by two ethanol and methanol solvents using percolation method and their antioxidant activity was determined by phosphomolybdenum method. It was found that methanolic extract has higher antioxidant activity than ethanolic one. In the next step, the thermal stability of methanolic extract was evaluated by the Rancimat method at temperatures of 90, 120, and 150°C, compared with α-tocopherol and BHT. Finally, it was found that the induction period of the sample containing 1000 ppm of methanolic extract of pomegranate skin was significantly higher than the other samples at all three temperatures (22) . Selahvarzi et al examined the mechanism of control of post-harvest fungi by extracting various parts of the pomegranate. The results showed that the inhibitory effect of pomegranate methanolic extracts on the mycelia growth and fungal spore germination was 47.6% and 37.7%, respectively. Also, the phenolic content of pomegranate peel was 1.8 times higher than that of leaf, and antioxidant capacity of pomegranate peel, seeds and leaves was 55.3%, 35.7%, and 16.4%, respectively. Therefore, phenolic content of the pomegranate peel and seeds seem to have antifungal properties and potent antioxidant capacity of these extracts (23) . The purpose of this study was to evaluate the effect of PPE on the fungal activity, the quality and durability of the walnut kernel during storage.
Materials and Methods
Pomegranate peel was collected from gardens of Fars province and dried at ambient temperature, ground to make powder, and stored at 4°C until the test (24) . The solvents and other chemicals (purity >99%) used in this study, were obtained from the Sigma Aldrich.
Pomegranate peel extraction To prepare PPE, 20 g of pomegranate peel powder was mixed with water (1:5 ratio) and then, placed in the bainmarie shaker at 80°C for 10 minutes. Finally, the extract was filtered using the Whatman No. 1 paper filter and stored at -18°C until the experiment time (25) .
Measurement of total phenol content
The total amount of phenolic compounds of PPE was determined by Folin-Ciocalteu at 735 nm wavelength by a spectrophotometer (UV-Vis, Shimadzu UV-2600/2700 model). Total phenol content of PPE was expressed by applying a standard curve as milligrams of Gallic acid per gram of dry matter (26) .
Evaluation of radical inhibitory strength (DPPH)
The antioxidant activity of PPE was evaluated by the Burits and Bucar method (27) . According to this method, 50 μL of different concentrations of the extract in methanol was added to 5 mL of 0.004% solution of DPPH in methanol. After 30 minutes of incubation at room temperature, samples were read at 517 nm wavelength by the spectrophotometer. The percentage of inhibition of DPPH free radicals was calculated using equation (1) .
Where A blank shows a negative control absorbance of the sample without extract, and A sample expresses the absorbance of various concentrations of the extract. Then, the concentration of the extract with a radical inhibitory concentration of 50 (IC 50) was calculated by the graph. Butylated hydroxyanisole (BHA) was used as a reference compound (27) .
Coating
The walnut kernels (in certain quantities) were immersed in the solution of sodium alginate containing 2, 6, and 10% of the walnut kernel extract for 60 seconds. The coated walnut kernels with uncoated specimen were placed in an oven at 45°C for 3 hours, then placed in a polyethylene box and kept at room temperature for 90 days.
Extraction of walnut kernel oil
The walnut kernels were powered after peeling. The oil of walnut powder was extracted by Soxhlet extraction method using ethylene ether solvent at 45°C. The solvent was separated from the mixture by the oven and the extracted oil content was determined (28) .
Moisture measurement
The moisture content of the coated walnut kernels was measured based on the American Association of Cereal Chemists (AACC, No. A 14-44) methods by oven device (29) .
Acidity measurement Walnut oil acidity was determined based on the reference method of Association of Official Analytical Chemists (AOAC). The acid number was calculated in terms of oleic acid (30) .
Measuring peroxide number
To measure the peroxide number, chloroform/methanol solvents (7:3 ratio) was used. Then, the peroxide number of the samples was calculated according to the iron chloride standard (III) and using the following equation:
Where As is sample absorption, Ab, the absorbance of the control (blank), M, the standard curve slope, and W, the oil mass (g) (31).
Conjugated diene value
The conjugated diene value was determined by Fathi et al by a spectrophotometer in the ultraviolet absorption range at 234 nm wavelength using hexane as a solvent of walnut oil. The results were calculated by the following equation:
Where A is differential of the absorbance of the sample at 234 nm wavelength and the absorbance of the control. The number 600 is the sample dilution in hexane and 29 000 is the constant factor (32).
Measurement of anisidine value
Anisidine value (AV) was determined at 350 nm wavelength according to the AOCS Official Method Cd 18-90 (33).
Total count of mold and yeast To determine the total count of mold and yeast, 10 g of walnut kernels was powdered under sterile condition. Walnut kernel powder was dissolved with 90 mL sterilized sodium chloride solution (0.85%) and completely mixed. For cultivation and counting of mold and walnut samples, yeast extract glucose chloramphenicol medium (YGC) was used. After preparing the culture medium, the instructions were written on the container. After reaching 45°C, under the microbial hood, the culture medium was added to each plate of 10 to 15 mL. Using a sampler, 0.1 mL of sodium chloride solution and walnut powder mixture were added to the solid culture medium and spread completely using a special glass rod at the media. After a few minutes, the plates were incubated at 25°C. After 5 days, the number of molds and yeast were grown was presented as the logarithm of colony-forming units per gram (CFU/g).
Statistics analysis
All experiments were performed in a completely randomized design with three replications. To compare means of treatments, Duncan test was used by SPSS version 21 software.
Results

Determination of the phenolic compounds
The phenolic compounds have a good antioxidant activity and are often found in fruits and vegetables. The results indicate that phenolic compounds and antioxidant properties are available in pomegranate (34, 35) . The amount of phenolic compounds of PPE was determined to be 40.11 mg/g dry matter ( Table 1) .
Percentage of free radical inhibition According to the results, PPE had high levels of radical inhibition, but did not have the ability to synthesize BHA as an antioxidant. Therefore, the type and concentration of extracts and synthetic antioxidants had a significant effect on free radical inhibition (Table 1) .
Walnut moisture content Moisture content decreased with an increase in time. In samples with 10% PPE coating, from the first day to 90th day, moisture content decreased from 4.14% to 2.45%. On the other hand, by increasing the amount of PPE on the walnut, moisture content increased. So that after 90 days, by increasing PPE coating from 2 to 10%, the moisture content increased from 1.35 to 2.45%. The lowest moisture content was observed in the uncoated sample (1.14). The effect of storage time on the moisture content of walnut samples was significant (P<0.05), so that after 90 days of Acidity Acidity (in the coating of 10%) decreased on the first day until 15th days, from 0.18 to 0.11 (% oleic acid) and from day 15 to 90, it increased to 0.48 (% oleic acid). In the uncovered sample, the acidity in 0.199 (% oleic acid) the first day was 0.199 and 0.84 ( % oleic acid )on 15th day decreased to 0.84. From day 15 to day 90, acidity increased to 0.297 (% oleic acid). The results of ANOVA showed that the effect of diverse concentrations of PPE on the acidity changes of the treated samples was significant (P < 0.05). According to Figure 2 , the effect of storage time was significant on the acidity of the walnut kernel samples (P < 0.05) and, after 90 days of storage, a significant increase in acidity was observed.
Peroxide value
The peroxide value (PV) increased with an increase in time. samples with 10% PPE coating the PV increased from 0.42 to 22.47 milliequivalent (mEq) of oxygen per kg of oil from day 1 to 90. By increasing percentage of PPE from 2 to 10% at 90 days, the PV decreased from 27.11 to 22.47 mEq. The uncoated samples had a PV of 33.38 mEq of oxygen per kg of oil after 90 days. The results of ANOVA showed that the effect of various concentrations of PPE on the changes in PV was significant (P < 0.05). As shown in Figure 3 , the effect of time on the PV of walnut kernels was significant (P < 0.05). After 90 days of storage, the PV increased significantly. In general, the results showed that increasing the concentration of the extract increased the stability of the product during storage.
Conjugated diene value
By increasing the concentration of PPE from 2% to 10% in 90 days, conjugated diene value decreased from 24.45 to 19.34 mmol/L. In the uncoated samples, the highest conjugated diene value was 27.02 mmol/L. The results of ANOVA showed that the effect of various concentrations of PPE on the changes in the conjugated diene value of the treated samples was significant (P < 0.05). On the other hand, Figure 4 showed that the effect of storage time on the conjugated diene value in walnut kernel samples was significant (P < 0.05). After 90 days of maintenance, the conjugated diene value was increased significantly. When unsaturated fatty acids oxidized, displacement of double bonding occurred, so that the conjugated diene and triene were increased.
Anisidine value By increasing storage time, the AV increased. In other words, in samples with 10% PPE coating, with an increase Figure 1 . The effect of various concentrations of pomegranate peel extract coatings on the changes in the moisture content of walnut kernel during storage. *C: Uncoated samples, P 2%: Specimen with 2% pomegranate peel extract coating, P 6%: Specimen with 6% pomegranate peel extract coating, and P 10%: Specimen with 10% pomegranate peel extract coating.
Figure 2.
Effect of various concentrations of pomegranate peel extract on the changes in walnut kernel acidity during storage. *C: Uncoated samples, P 2%: Specimen with 2% pomegranate peel extract coating, P 6%: Specimen with 6% pomegranate peel extract coating, and P 10%: Specimen with 10% pomegranate peel extract coating. The effect of PPE coating on the fungal activity At 90 days, by increasing the concentration of PPE from 2 to 10%, the count of molds and yeasts dropped from 3.59 to 2.29 CFU/g. The count of molds and yeasts in the uncoated sample was 5.81 CFU/g. According to Figure 6 , during the maintenance period, treatment group or coated samples the amount of mold and yeast in the control treatment is highest. There was a significant difference between the number of molds and yeasts in samples of PPE (coated) and control sample (uncoated) (P < 0.05). This indicates that the PPE reduced the growth rate of the fungus in the walnut kernels, so that by increasing the extract concentration, the mold and yeast growth rates decreased (P < 0.05).
Discussion
The phenolic compounds have good antioxidant properties and are often found in fruits and vegetables. As the results indicate, pomegranate has a range of phenolic compounds and antioxidant properties (34). Kim et al considered pomegranate as a rich source of antioxidants and phenolic substances (35) . Other studies have shown that various parts of the pomegranate, such as peel and leaves, contain various phenolic substances (36) . The antioxidant capacity of the pomegranate peel due to its anthocyanins, including delphinidin, cyanidin, pelargonidin has been reported. Approximately, pomegranate peel contains 23% of all the anthocyanins present in pomegranate (37) .
Percentage of free radical inhibition Determination of DPPH free radicals' inhibition is one of the most reliable, accurate, easy, and affordable methods with high repeatability. It is used in vitro conditions to evaluate the antioxidant activity of herbal extracts (38) . The results of this study showed that PPE had high levels of radical inhibition, but did not have the ability to synthesize BHA as an antioxidant. Berizi et al showed that PPE has a high ability to inhibit DPPH-free radicals. There was a significant difference between various concentrations of the extract in terms of antioxidant activity (39) . The Figure 4 . The effect of various concentrations of pomegranate peel extract coating on the changes in conjugated diene value during storage. *C: Uncoated samples, P 2%: Specimen with 2% pomegranate peel extract coating, P 6%: Specimen with 6% pomegranate peel extract coating, and P 10%: Specimen with 10% pomegranate peel extract coating. Figure 5 . The effect of various concentrations of pomegranate peel extract coating on the changes in anisidine value during storage. *C: Uncoated samples, P 2%: Specimen with 2% pomegranate peel extract coating, P 6%: Specimen with 6% pomegranate peel extract coating, and P 10%: Specimen with 10% pomegranate peel extract coating. Figure 6 . The effect of various concentrations of pomegranate peel extract on the changes in the count of mold and yeast in the walnut kernel during storage. *C: Uncoated samples, P 2%: Specimen with 2% pomegranate peel extract coating, P 6%: Specimen with 6% pomegranate peel extract coating, and P 10%: Specimen with 10% pomegranate peel extract coating. effect of alginate-based coatings boosted with PPE on the quality of Psidium guajava was investigated by Nair et al. Total phenolics and antioxidant activity were 8%, and 9%, respectively at the end of storage (40) .
Walnut moisture content The effect of various concentrations of PPE on the moisture changes of the treated samples was significant, so that by increasing the concentration of PPE, the moisture content of walnut samples also increased. This is due to the moisture absorption of the phenolic compounds by the PPE. The findings showed that the effect of storage time on the moisture content of walnut samples was significant (P < 0.05), and after 90 days of storage, the moisture content was significantly reduced. The results are consistent with the findings of Sarker et al, Akhtar et al, and Turgut et al, which showed that PPE maintains the moisture content of the product during storage (41) (42) (43) .
Acidity
The different concentrations of PPE had a significant effect on the acidity changes of the treated samples (P < 0.05). Increasing acidity as a result of adding the extract, can be due to its saponin compounds. Waller reported that carboxyl groups contained in the sugary or aglycone part of saponin in the extract due to acidic properties, have the ability to increase the acidity of the food (44). RojasGrau et al showed that during storage, pH of the products decreased significantly (45) . The results of the studies are similar to those of the present study.
Peroxide value
Peroxide is the primary product of the fatty substances oxidation. The presence of peroxide (as a catalyst) in oils or food products accelerates the oxidation. The effect of various concentrations of the extract on changes in PV was significant (P < 0.05). In general, the results showed that by increasing the concentration of the extract (2%-10%), the stability of the product during storage was also increased. This increase in stability can be attributed to an increase in the concentration of phenolic and antioxidant compounds in the extract. The effect of tea leaf extracts on stability rapeseed oil under thermal conditions was investigated in the literature. The results showed that the acid index increased during the reaction, and the PV decreased by increasing the extract concentration (46) . In another study, the effect of ethanolic and methanolic extracts of Pulicaria gnaphalodes on the oxidative stability of soybean oil was studied. Peroxide analysis showed that with increasing concentrations of the extracts from 200 to 800 ppm, the production of peroxide reduced (47). Kamkar et al evaluated the effect of natural antioxidants on the stability of canola oil. Evaluation of the PV of treated oil showed that the PV was decreased by increasing the extract concentration from 100 to 1000 ppm (48) . The results of the aforementioned studies are consistent with the results of this study. The using of fungal chitosan and PPE, in coating films for Oreochromis niloticus, and their microbiological, chemical and sensorial quality in storage at 4°C, was investigated by Alsaggaf et al. The results showed coating could delay the spoilage parameters during storage time (49) .
Conjugated diene value
After 90 days of maintenance, the conjugated diene value was significantly increased. When unsaturated fatty acids oxidized, displacements of double bonding occurred, so that the conjugated diene and triene were increased. The conjugated diene had a direct relation with the degree of oxidation. Investigation of the effect of thyme extract on the stability of corn oil showed that the heating time of the conjugated diene and triene compounds increased linearly, but this trend was significantly lower than that of the nonantioxidant oil (50) . In another study, the effect of tea leaf extract on rapeseed oil was investigated and it was found that with increasing the extract concentration from 0.22% to 0.25%, the amount of diene compounds decreased (51) . The results of the above-mentioned studies are consistent with the findings of the present study.
Anisidine value
The increase of the anisidine index reflects the spontaneous oxidation reaction and the increase of secondary products resulting from the decomposition of hydroxides and carbonyl compounds with increasing time. In the present study, the amount of anisidine significantly increased after 90 days of storage. Mazaheri Kalhoroodi et al investigated the antioxidant effect of fennel seed extract on soybean oil stability compared to synthetic anti-oxidants BHA and BHT. The results showed that with increasing the concentration of the extract from 80 to 100 ppm, the anisidine index decreased significantly (52) .
The effect of PPE coating on the fungal activity According to Figure 6 , during the maintenance period, the control treatment had the highest amount of mold and yeast. There was a significant difference between the number of mold and yeast in the coated samples with PPE extract and control sample (uncoated) (P<0.05 This indicates that the PPE reduced the growth rate of the fungus in the walnut so that with the increase in the concentration of PPE, the mold and yeast growth rates decreased (P < 0.05). Antimicrobial activity of PPE may be due to the wide range of antibiotic compounds, among which phenols and tannins have been identified as the most important active ingredients in this field. Phenolic substances, together with high molecular weight proteins, form complex compounds and thus, after absorption, can react with cell enzymes (oxidase and reductase) present in the cytoplasm and cell wall. On the other hand, these materials can prevent the access of microorganisms to cell surface receptors. Ibrahium stated that Punicalagin forms a large part of the antioxidant compounds of PPE and most of the antimicrobial activity of PPE (14) . The tannins and ellagitannins in pomegranate phenolic acids have antibacterial and antifungal activity. These phenolic compounds break down the cell wall, perforate the cytoplasmic membrane and decay the proteins, as a result, the function of membrane enzymes is interrupted and causes cell death. The above-mentioned results are similar to the results of this research. An abrupt increase in the growth of mold and yeast began on the 30th day. This suggests that in the early stages of preserving the walnut kernel, microorganisms were observed in a delayed phase, with a slight growth, but gradually entering the logarithmic phase and the growth of mold and yeast increased in walnut samples (P < 0.05), which can be attributed to the reduction of their polyphenolic content. Most phenolic compounds are in the form of bonding with other compounds, such as proteins, and only a small fraction of phenolic compounds are free (53) . Therefore, it can be stated that their antimicrobial and antifungal properties are limited. The results of this study are consistent with the results of a study by Kazemizadeh and Fadaei Noghani on increasing the growth of mold and yeast by increasing the maintenance time (54) . Antifungal activity of PPE for fusarium wilt of tomato was investigated by Rongai et al. The results showed that an increase in the concentration of extract led to a progressive decline in germination (55) .
Conclusion
Due to environmental hazards caused by the use of synthetic and non-degradable films, many researchers have started to produce natural edible coatings for the preservation of foodstuffs, such as fruits and vegetables. The effect of PPE coating on the fungal activity, the quality and shelf life of walnut in 90 days of storage of walnut kernel was investigated. The results of this study showed that by increasing the percentage of PPE, mold and yeast growth decreased. The results suggest that P 10% (samples containing 10% PPE) has effectively antifungal activity in the walnut, and it can be used in packaging industry to conserve walnut kernel quality. By increasing the extract concentration from 2% to 10%, the walnut kernel stability increased during storage. So that the moisture content and acidity increased, but stability indices such as peroxide, anisidine, and conjugated diene values were significantly decreased. Therefore, the PPE can be used as a coating matter for walnut kernel stability as well as a natural preservative in walnut oil.
